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FERROELECTRIC MEMORY DEVICE 

Japanese Patent Application No. 2003-1 10400, Tiled on April 15, 2003, is hereby 
incorporated by reference in its entirely. 

5 

BACKGROUND OF THE INVENTION 
The present invention relates to a ferroelectric memory device. 
As a ferroelectric memory device, an active ferroelectric memory device 
including a 1T/1C cell in which one transistor and one capacitor (ferroelectric) are 
10 disposed in each memory cell, or including a 2T/2C cell in which a reference cell is 
further disposed in each memory cell, has been known. 

However, since the active ferroelectric memory device has a large memory area 
in comparison with a flash memory or EEPROM, which is known as a nonvolatile 
memory device in which a memory cell is formed by one element, the capacity cannot 
15 be increased. 

A ferroelectric memory device in which each memory cell is formed by one 
ferroelectric capacitor is known (Japanese Patent Application Laid-open No. 9-116107). 
Japanese Patent Application Laid-open No. 9-116107 discloses hierarchization of a 
bitline. Specifically, a plurality of sub-bitlines through a plurality of connection means 

20 are provided for one main-bfdine. When one of the connection means is turned on, 
one main-bitline can be connected with one sub-bitline selected by turning on the 
connection means. This prevents voltage from being applied to the unselected 
memory cells connected with other sub-bitlines, whereby the number of disturbances 
applied to the unselected memory cells can be limited. 

25 However, the sub-bitlinc connected with the connection means that has been 

turned off floats. The interconnect potential changes if noise is applied from the 
outside, whereby data stored in the ferroelectric capacitor connected with the sub-bitline 
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may be destroyed. 

Japanese Patent Application Laid-open No. 7-235648 discloses a ferroelectric 
memory device which includes a plurality of sectors divided in units of snb-bitlines and 
in which each sector is further divided into a plurality of sub-sectors. The sector 
5 selected from among the plurality of sectors (selected sector) is divided into a selected 
sub-sector and an unselected sub-sector. In the selected sector, the sub-bitlines do not 
float in both the selected sub-sector and the unselected sub-sector. 

However, the potential of the sub-bitline is in a floating state in all the 
unselected sub-sectors in the unselected sector. 

10 

BRIEF SUMMARY OF THE INVENTION 
A ferroelectric memory device that is less affected by noise may be provided 
without making sub-bitlines and/or sub-wordlines connected to an unselected memory 
cell float while bierarchizing wordlines and/or bitlines. 

15 A ferroelectric memory device according to one aspect of the present invention 

includes a memory cell array region divided into a plurality of sector regions in row and 
column directions. Wordlines and bitlines are merarchized in this memory cell array 
region. In other words, the ferroelectric memory device includes: a plurality of 
main-wordlines disposed in the memory cell array region in parallel along the row 

20 direction; a plurality of main-bitlines disposed in the memory cell array region in 
parallel along the column direction; a plurality of sub-wordlines, each of the 
sub-wordlines being provided for one of the main-wordlines in one of the sector 
regions; a plurality of sub-bitlines, each of the sub-bitlines being provided for one of the 
main-bitlines in one of the sector regions; and a plurality of ferroelectric memory cells, 

25 each of the ferroelectric memory cells being disposed at an intersecting point of one of 
the sub-wordlines provided for one of the main-wordlines and one of the sub-bitlines 
provided for one of the main-bitlines. 
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This ferroelectric memory device further includes: a plurality of first 
sub-wordlinc select switches, each of the first sub-wordline select switches being 
disposed between one of the main-wordliues and one end of one of the sub-wordiines 
provided for the one main-wordline and being driven independently at least in one of 
5 the sector regions; and a plurality of first sub-bitline select switches, each of the first 
sub-bitline select switches being disposed between one of the main-bitlines and one end 
of one of the sub-bitlines provided for the one main-bitline and being driven ? 
independently at least in one of the sector regions. I 

e 

This ferroelectric memory device further includes: at least one unselected I 
10 wordline potential supply line which supplies an unselected wordline potential to the \ 
sub-wordlines; at least one unselected bitline potential supply line which supplies an 
unselected bitline potential to the sub-bitlines; a plurality of second sub-woTdline select 
switches, each of the second sub-wordline select switches being disposed between the 
other end of one of the sub-wordlines and the unselected wordline potential supply line | 
15 and being driven independently at least in one of the sector regions; and a plurality of 5 
second sub-bitline select switches, each of the second sub-bitline select switches being 
disposed between the other end of one of the sub-bitlines and the unselected bitline 
potential supply line and being driven independently at least in one of the sector 
regions. 

20 Since the woTdlines and the bitlines are hicrarchized, parasitic capacitance of the 

wordlines and the bitlines is reduced during the drive period, whereby a read voltage 
can be increased. Moreover, the sub-wordlines and the sub-bitlines can be prevented 
from floa ting by complcmentarily driving the switches provided on both ends of the 
sub-wordline and the sub-bitline. Since these switches can be driven independently, a 

25 selected wordline potential and a selected bitline potential can be supplied to only a 
sub-wordline and a sub-bitline connected with the selected memory cell. 

This ferroelectric memory device may further include: a plurality of first sector 



3 



BEST AVAILABLE COPY 



select sections, each of the first sector select sections being provided Tor the sector 
regions arranged along the column direction; and a plurality of second sector select 
sections, each of the second sector select sections being provided for the sector regions 
arranged along the row direction. In this case, when a selected first sector select section 
5 is selected from among the plurality of first sector select sections and a selected second 
sector select section is selected from among the plurality of second sector select sections, 
the selected first sector select section and the selected second sector select section may 
turn on and turn off the first and second sub-wordline select switches and the first and 
second sub-bitline select switches so that a select voltage is applied to a selected 
10 memory cell in a selected sector region through one of the main-wordlines and one of 
the main-bitlines, and may rum on and turn off the first and second sub-wordline select 
switches and the first and second sub-bitline select switches so that an unseJect voltage 
is applied to an unselected memory cell in the selected sector region through at least one 
of the unselected wordline potential supply line and the unselected bitline potential 
15 supply line, the selected memory cell and the un selected memory cell being memory 
cells among the plurality of the ferroelectric memory cells, and the selected sector 
region being selected from among the plurality of the sector regions. 

More specifically, the selected first sector select section may turn on one of the 
first sub-wordline select switches that is connected with one of the sub-wordlines 
20 provided for the selected memory cell and may turn off rest of the first sub-wordline 
select switches in the selected sector region, and may turn on one of the second 
sub-wordline select switches that is connected with one of the sub-wordlines provided 
for the selected memory cell and may turn off rest of the second sub-wordline select 
switches in the selected sector region. The selected second sector select section may 
25 turn on one of the first sub-bitline select switches that is connected with one of the 
sub-bitlines provided for the selected memory cell and may turn off rest of the first 
sub-bitline select switches in the selected sector region, and may turn on one of the 



4 



BEST AVAILABLE COPY 



second sub-bitline select switches that is connected with one of the sub-bitlines 
provided for the selected memory cell and may turn off rest of the second sub-bitline 
select switches in the selected sector region. 

One of the first sector select sections provided for an unselected sector region 

5 that shares one of the main-word lines with the selected sector region may turn off the 
first sub-wordline select switches and may turn on the second sub-wordline select 
switches, the unselected sector region being a sector region other than the selected 
sector regions among the plurality of the sector regions. This prevents the selected 
wordline potential supplied to the main- wordline from being supplied to the unselected 

10 sector region, whereby the unselected wordline potential can be supplied. 

One of the second sector select sections provided for an unselected sector region 
that shares one of the main-bitlines with the selected sector region may turn off the first 
sub-bitline select switches and may turn on the second sub-bitline select switches, the 
unselected sectOT region being a sector region other than the selected sector regions 

15 among the plurality of the sector regions. This prevents the selected bitline potential 
supplied to the main-bitline from being supplied to the unselected sector region, 
whereby Ihe unselected bitline potential can be supplied. 

The first sector select section provided for an unselected sector region that does 
not share one of the main-wordlines and one of the main-bitlines with the selected 

20 sector region may turn off the first sub-wordline select switches and may turn on the 
second sub-wordline select switches, the unselected sector region being a sector region 
other than the selected sector region among the plurality of sector regions. The second 
sector select section provided for an unselected sector region that docs not share one of 
the main-wordlines and one of the main-bitlines with the selected sector region may 

25 turn off the first sub-bitline select switches and may turn on the second sub-bitline select 
switches, the unselected sector region being a sector region other than the selected 
sector region among the plurality of sector regions. This enables only the unselected 
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wordiine potential and the unselected bitline potential to be supplied to the unselcctcd 
sector region. 

In any of the above aspects, if potentials of the sub-wordlincs and the 
sub-bitlincs connected with all of the unselected memory cells in the unselected sector 
5 region arc substantially the same. 0 V can be applied to all of the unselected memory 
cells in the unselected sector, whereby occurrence of disturbance can be prevented. 

During a standby period in which none of the sector regions are selected, the 
first sub-bitline select switches and the first sub-wordline select switches may be turned 
off, and the second sub-bitline select switches and the second sub-wordline select 
10 switches may be turned on in all of the sector regions. If potentials of the unselected 
wordiine potential supply line and the unselected bitline potential supply line are 
substantially the same during the standby period, a disturbance voltage can be prevented 
from being applied to the memory cells during the standby period. 

During an inspection period, the first sub-bitline select switches and the first 
15 sub-wordline select switches may be turned on, and the second sub-bitline select 
switches and the second sub-wordline select switches may be turned off in a sector 
region that is a target of inspection among the plurality of the sector regions. This 
enables ftfc 0" or "1" to be simultaneously written into all of the memory cells in the sector 
region. 

20 The first sub-bitline select switches, the first sub-wordline select switches, the 

second sub-bitline select switches, and the second sub-wordlinc select switches may be 
turned off in a defective sector region among the plurality of the sector regions. This 
causes the defective sector region to be in a high impedance state, whereby occurrence 
of a leakage or the like can be prevented. 

25 With this ferroelectric memory device, the unselected wordiine potential supply 

lines may include: a variable unselected wordiine potential supply line which supplies a 
variable unselected wordJine potential to the sub-wordlines; and a fixed unselected 
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wordline potential supply line which supplies a fixed unselected wordline potential to 
the sub-wordlines, and the unselected bitline potential supply lines may include: a 
variable unselected bitline potential supply line which supplies a variable unselected 
bitline potential to the sub-bitlincs; and a fixed unselected bitline potential supply line 
which supplies a fixed unselected bitline potential to the sub-bitlines. The ferroelectric 
memory device may further include: a plurality of unselected wordline potential select 
switches which are provided for the sector regions arranged in the column direction and 
select one of the variable and fixed unselected wordline potential supply lines; and a 
plurality of unselected bitline potential select switches which are provided for the sector 
regions arranged in the tow direction and select one of the variable and fixed unselected 
bitline potential supply lines. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a planar layout of a ferroelectric memory device according to an 
embodiment of the present invention. 

FIG. 2 is a schematic diagram describing four sector regions shown in FIG. 1 
and peripheral circuits for the sector regions. 

FIG. 3 is a circuit diagram showing a part of a row or column decoder according 
to an embodiment of the present invention. 

FIG. 4 shows a hysteresis phenomenon of a ferroelectric. 

FIG. 5A shows a drive waveform according to an embodiment of the present 
invention. 

FIG. 5B shows another drive waveform according to an embodiment of the 
present invention. 

FIG. 5C shows a further drive waveform according to an embodiment of the 
present invention. 

FIG. 5D shows a still further drive waveform according to an embodiment of the 
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present invention. 

FIG. 5E shows a yet further drive waveform according to an embodiment of the 
present invention. 

FIG. 5F shows an even further drive waveform according to an embodiment of 
5 the present invention. 

FIG. 6A shows the position of a selected sector according to an embodiment of 
the present invention. 

FIG. 6B shows the switching state in the selected sector shown in FIG. 6A, 

FIG. 7A shows the positions of unselected sectors located in the same row as the 
10 selected sector shown in FIG, 6 A. 

FIG. 7B shows the switching state in the unselected sector shown in FIG. 7 A. 

FIG. 8A shows the positions of unselected sectors located in the same column as 
the selected sector shown in FIG. 6A. 

FIG- 8B shows the switching state in the unselected sector shown in FIG. 8A. 
j 5 FIG. 9A shows the positions of unselected sectors located in rows and columns 

differing from the selected sector shown in FIG. 6A. 

FIG. 9B shows the switching state in the unselected sector shown in FIG. 9A. 

FIG. 10 is a schematic diagram showing a modification in which a plurality of 
main-word lines and a plurality of main-bit! ines are provided in one sector region. 

20 

DETAILED DESCRIPTION OF THE EMBODIMENT 
1. Entire configuration 

FIG. 1 shows a planar layout of a ferroelectric memory device according to an 
embodiment of the present invention. A memory cell array region 1 0 shown in FIG. 1 
25 is divided into a plurality of sectors regions 12 in a row direction A and a column 
direction B. A row decoder 14 is disposed on one end of the memory cell array region 
10 in the row direction A, for example. A column decoder 16 is disposed on one end 
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of the memory cell array region 1 0 in the column direction B, for example. 

FIG, 2 shows four sector regions 12 (12A to 12D) which are a part of the 
memory cell array region 10 shown in FIG. 1. FIG. 2 shows an example in which the 
sector region 12 is simplified to the greatest extent In FIG. 2, one main-wordline 

5 MWL and a plurality of (two, for example) sutwvordlines SWL provided for the 
main-wordline MWL are disposed in one sector region 12. One main-bitline MBL and 
a plurality of (two, for example) sub-bitlincs SBL provided for the main-bitline MBL 
are disposed in one sector region 12. 

A memory cell 50 consisting of a ferroelectric capacitor is disposed at the 

1 0 intersecting point of the sub-wordline SWL and the sub-bitline SBL. 

The sector regions 12A and 12B in one row are called a row sector 13 A, and the 
sector regions 12C and 1 2D in the other row are called a row sector 13B. The sector 
regions 12A and 12C in one column are called a column sector 13C, and the sector 
regions 12B and 12D in the other column are called a column sector 13D. 

} 5 Wordline driver sections 100A and 100B and row sector select circuits 11 OA and 

1 1 OB are respectively provided corresponding to the row sectors 1 3 A and 1 3B. Bitline 
driver sections 120A and 120B and column sector select circuits 130A and 130B arc 
respectively provided corresponding to the column sectors 13C and 1 3D. 

20 2. Memory cell array region 

The memory cell array region 10 is described below. In the present 
embodiment, the wordline WL and the bitline BL are hierarchused. Specifically, the 
sub-wordlines SWL1A1 and SWL2A1 arc provided for the main-wordline MWL1 in 
the sector region 12A, for example. The sub-bitlines SBL1A1 and SBL2A1 are 
25 provided for the main-bitline MBLA in the sector region 12A. This also applies to 
other sector regions 12B to 12D, 

In the sector region 12 A, first sub-wordline select switches 60 and 61 , which are 
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independently driven, are respectively provided between the main-wordline MWL1 and 
one end of the sub-wordlines SWL1A1 and SWL2A1 provided for the main-wordline 
MWL1. A fixed unsclccted wordline potential supply line 70 which supplies a fixed 
unselected wordline potential to the sub-wordlines SWL1A1 and SWL2A1, and a 

5 variable unselected wordline potential supply line 72 which supplies a variable 
unselected wordline potential to the sub-wordlines SWL1 Al and SWL2A1 arc provided. 
A first select switch 64 (unselected wordline potential select switch), which selects one 
of the fixed and variable unselected wordline potential lines 70 and 72, is provided. 

Second sub-wordline select switches 62 and 63 are respectively provided 

10 between the other end of the sub-wordlines SWL1 Al and SWL2A1 and the first select 
switch 64. During the normal drive period, the first and second sub-wordline select 
switches 60 and 62 (or 61 and 63) connected with either end of one sub-wordline SWL 
are driven complementarity so that one of the first and second sub-wordline select 
switches is turned on while the other is turned off. Therefore, the sub-wordline 

15 SWL1A1 is connected with the main-wordline MWJL1 when the first sub-wordline 
select switch 60 is turned on, and connected with the fixed unselected wordline 
potential supply line 70 or the variable unsclccted wordline potential supply line 72 
through the first select switch 64 when the second sub-wordline select switch 62 is 
turned on. This prevents the sub-wordline SWL1 Al from floating. 

20 In the sector region 12A, first sub-bitline select switches 80 and 81, which are 

independently driven, are respectively provided between the main-bitline MBLA and 
one end of the sub-bitlines SBL1A1 and SBL2A1 provided for the main-bitline MBLA. 
A fixed unselected bitline potential supply line 90 which supplies a fixed unsclccted 
bitlinc potential to the sub-bitlines SBL1A1 and SBL2A1, and a variable unselected 

25 bitline potential supply line 92 which supplies a variable unselected bitline potential to 
the sub-bitlines SBL1A1 and SBL2A1 are provided. A second select switch 84 
(unselected bitline potential select switch), which selects one of the fixed and variable 
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unselected bitline potential lines 90 and 92, is provided. 

Second sub-bitline select switches 82 and 83 arc respectively provided between 
the other end of the sub-bitlines SBL1 Al and SBL2A1 and the second select switch 84. 
During the normal drive period, the first and second sub-bitline select switches 80 and 
5 82 (or 81 and 83) connected with either end of one sub-bitline SBL are driven 
complementarity so that one of the first and second sub-bitline select switches is turned 
on while the other is turned off. Therefore, the sub-bitline SBL1A1 is connected with 
the main-bitline MBLA when the first sub-bitline select switch 80 is turned oil and 
connected with the fixed unselected bitline potential supply line 90 or the variable 
10 unselected bitline potential supply line 92 through the second select switch 84 when the 
second sub-bitline select switch 82 is turned on. This prevents the sub-bhiine SBL1 Al 
from floating. 

3, Driver circuit 

15 FIG. 3 shows circuits which make up a part of the wordline driver section 100A 

and the row sector select circuit 1 10A shown in FIG. 2. As shown in FIG. 3, the row 
sector select circuit 11 OA includes a decoder circuit 111 which decodes signals from a 
plurality of address signal lines ADL. The wordline driver section 100A includes an 
N-type transistor Nl connected with a selected wordline potential supply line 1 02, and 

20 an N-type transistor N2 connected with an unselected wordline potential supply line 104. 
Drains of the transistors Nl and N2 are connected with the main- wordline MBL. 

The transistors Nl and N2 are complementarily driven by the decoder circuit 
111, whereby a selected wordline potential or an unselected wordline potential is 
supplied to the main-wordline MWL. The bitline driver section and the column sector 

25 select circuit are formed in the same maimer as the wordline driver section and the row 
sector select circuit. 

A voltage Vpp higher than a power supply voltage Vcc is supplied to gates of 
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the transistors Nl and N2 in order to reduce a voltage loss in the transistors Nl and N2. 
Therefore, the size of the transistors Nl and N2 is increased However, it suffices that 
one wordline driver section be provided for each of the row sectors 13A and 13B as 
shown in FIG. 2, Therefore, an increase in the integration of the memory device is not 
5 hindered. 

The row sector select circuits 11 OA and HOB and the column sector select 
circuits 130A and 130B control switching of the switches 60 to 64 and 80 to 84 based 
on the address signals. 

10 4. Principle of ferroelectric capacitor 

A ferroelectric memory device is a memory device which utilizes two 
polarization states which appear in the hysteresis phenomenon of the ferroelectric 
capacitor 50 as one bit. 

The hysteresis phenomenon is described below. FIG. 4 shows the correlation 

15 between the voltage applied to the ferroelectric and the polarization of the ferroelectric. 
In FIG. 4, the vertical axis P indicates the polarization of the ferroelectric, and the 
horizontal axis V indicates the voltage applied to the ferroelectric. The curve shown in 
FIG. 4 shows characteristics in which the polarization state of the ferroelectric capacitor 
50 cycles corresponding to the change in the voltage applied to the ferroelectric 

20 capacitor 50. For example, when a select voltage Vs is applied to the ferroelectric 
capacitor 50 which is in a state at a point B (memory state of "0") or in a state at a point 
D (memory state of **!**), the polarization state transitions to a point A (read "0" or "1" 
or write "0")' When the applied voltage is changed to 0 V, the polarization state 
transitions to the point B. Specifically, the polarization state which is originally at the 

25 point D also transitions to the point B through the point A. When a select voltage -Vs 
is applied to the ferroelectric capacitor 50, the polarization state transitions to a point C 
(write "1" or rewrite). When the applied voltage is changed to 0 V, the polarization 
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state transitions to the point D (memory state of "1"). 

An unselect voltage ±Vs/3 is applied to the ferroelectric capacitor 50 in the 
polarization state at the point B or D. When the applied voltage is changed to 0 V, the 
polarization state returns to the original point B or D. This shows that the memory 
5 state is maintained even if the unselect voltage =fcVs/3 is applied to the unselected 
ferroelectric capacitors 50 during the select period of one ferroelectric capacitor 50. 

In order to realize the above-described drive operation, six types of potentials 
consisting of a selected wordline potential, a variable unselected wordline potential, a 
selected bitline potential, a variable unselected bitline potential, a fixed unselected 

10 wordline potential, and a fixed unselected bitline potential are generated for the 
sub-wordline SWL and the sub-bitlinc SBL, as shown in FIGS. 5A to 5F. 

The selected wordline potential shown in FIG. 5A, the unselected wordline 
potential shown in FIG. 5B, or the fixed unselected wordline potential shown in FIG. 5E 
is supplied to the main-wordlinc MWL shown in FIG. 2. The fixed unselected 

15 wordline potential supply line 70 is fixed at the fixed unselected wordline potential 
shown in FIG. 5E. The variable unselected wordline potential shown in FIG. 5B is 
supplied to the variable unselected wordline potential supply line 72. The selected 
bitline potential shown in FIG. 5C, the unselected bitline potential shown in FIG. 5D, or 
the fixed unselected bitline potential shown in FIG. 5F is supplied to the main-bitline 

20 MBL shown in FIG. 2. The fixed unselected bitline potential supply line 90 is fixed at 
the fixed unselected bitline potential shown in FIG. 5F. The variable unselected bitline 
potential shown in FIG. 5D is supplied to the variable unselected bitline potential 
supply line 92. 

25 5. Description of operation and effect 

FTG. 6B shows the switching state in the selected sector 12 located at a position 
shown jn FIG. 6A. FTG. 6B shows a state in which the selected memory cell 50 in the 
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selected sector 12 is driven. 

The switches 60 to 64 and 80 to 84 shown in FIG. 6B are formed by using 
N-type transistors. The signal potentials of gate lines of the switches 60 to 64 and 80 
to 84 are set as shown in FIG. 6B. Therefore, the switches 60, 63, 80, and 83 to which 
5 a potential "FT is applied at the gate are turned on, and the switches 61, 62, 81, and 82 
to which a potential "L" is applied at the gate are turned off. The first select switch 64 
selects the variable unselected wordline potential supply line 72, and the second select 
switch 84 selects the variable unselected bitline potential supply line 92. 

This causes the selected wordline potential shown in FIG. 5 A and the unselected 
10 wordline potential shown in FIG. 5C to be applied to only the selected memory cell 50 
shown in FIG, 6B. Therefore, +Vs can be applied when writing "0" (or reading), and 
-Vs can be applied when writing "1" (or rewriting). Since the voltage applied to the 
unselected memory cells is ±Vs/3 at the maximum, the memory state can be maintained. 

Two unselected sectors 12 shown in FIG. 7 A are located in the same row as the 
15 selected sector 12 shown in FIG. 6A. FIG. 7B shows a state in which the unselected 
memory cells 50 in one of the unselected sectors 12 shown in FIG. 7A are driven. 

In FIG. 7B, the main-wordline MWL1 corresponding to the selected memory 
cell 12 shown in FIG. 6B is set at the selected wordline potential shown in FIG. 5 A. In 
FIG. 7B, the first sub- wordline select switches 60 and 61 connected with the 
20 main-wordline MWL1 are turned off. Therefore, the second sub-wordline select 
switches 62 and 63 are turned on, and the fixed unselected wordline potential supply 
line 70 set at a potential 2(Vs/3) is selected by the first select switch 64, as shown in 
FIG. 7B. 

This causes the potential 2(Vs/3) to be supplied to the sub-wordlines SWL1A 
25 and SWL2A in the sector region 12 shown in FIG. 7B. 

It is necessary to prevent occurrence of disturbance by applying 0 V to all the 
unselected memory cells 50 in the unselected sector 12. The unselected main-bitline 
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MBLA shown in FIG. 713 is set at the fixed unselected bitiine potential (Vs/3) shown in 
FTG. 5F, which is the same as the potential supplied to the sub-wordlincs SWL1A and 
SWL2A. Therefore, the fixed potential (Vs/3) is supplied to the sub-bitline SBL1A by 
turning on the switch 80. In order to supply the fixed potential (Vs/3) to the other 
5 sub-bitline SBL2A, the fixed unselected bitiine potential supply line 90 and the 
sub-bitline SBL2A are connected through the switches 83 and 84. 

This causes 0 V to be applied to all the unselected memory cells 50 in the 
unselected sector 12, whereby occurrence of disturbance is prevented. 

Two unselected sectors 12 shown in FIG. 8A are located in the same column as 
10 the selected sector 12 shown in FIG. 6A. FIG. 8B shows a state in which the 
unselected memory cells 50 in one of the unselected sectors 12 shown in FIG. 8 A are 
driven. 

In FIG. 8B, the main- bitiine MBLA corresponding to the selected memory cell 
12 shown in FTG. 6B is set at the selected bitiine potential shown in FIG. 5C. In FIG. 

15 8B, the first sub-bitlinc select switches 80 and 81 connected with the main-bitlinc 
MBLA are turned off. Therefore, the second sub-bitline select switches 82 and 83 are 
turned on, and the fixed unselected bitiine potential supply line 90 set at a potential 
2(Vs/3) is selected by the second select switch 84, as shown in FIG. 8B. 

This causes the potential 2(Vs/3) to be supplied to the sub-bitlines SBL1A and 

20 SBL2A in the sector region 1 2 shown in FIG. 8B. 

In FIG. 8B 9 it is necessary to prevent occurrence of disturbance by applying 0 V 
to all the unselected memory cells 50 in the unselected sector 12. The unselected 
main-wordline MWL1 shown in FIG. 8B is set at the fixed unselected wordlinc 
potential (Vs/3) shown in FIG. 512, which is the same as the potential supplied to the 

25 sub-bitlines SBL1A and SBL2A, Therefore, the fixed potential (Vs/3) is supplied to 
the sub-wordline SWL11 by turning on the switch 60. in order to supply the fixed 
potential (Vs/3) to the other sub-wordline SWL21, the fixed unselected wordlinc 
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potential supply line 70 and the sub-wordline SWL21 are connected through the 
switches 63 and 64. 

This causes 0 V to be applied to all the unselected memory cells 50 in the 
unselected sector 12 shown in Fig. 8B, whereby occurrence of disturbance is prevented. 

5 Four unselected sectors 12 shown in FIG. 9 A are located in the rows and 

columns differing from the selected sector 12 shown in FIG. 6A. FIG. 9B shows a 
state in which the unselected memory cells 50 in one of the unselected sectors 12 shown 
in FIG. 9A are driven. 

In the unselected sector 12 shown in FIG. 9B f it is necessary to prevent 

10 occurrence of disturbance by applying 0 V to all the unselected memory cells 50 in the 
unselected sector 12. In the example shown in FIG. 9B, 0 V is applied to all the 
unselected memory cells 50 by using the fixed unselected wordline potential supply line 
70 and the fixed unselected bitline potential supply line 90. 

The fixed unselected wordline potential supply line 70 and the fixed unselected 

1 5 bitline potential supply line 90 are respectively selected by the first and second select 
switches 64 and 84, and the second sub-wordline select switches 62 and 63 and the 
second sub-bitline select switches 82 and 83 are turned on. The first sub-wordline 
select switches 60 and 61 and the first sub-bitline select switches 80 and 81 are turned 
off. 

20 Even if the switching state is the reverse of the above-<iescribed switching state, 

occurrence of disturbance can also be prevented by applying 0 V to all the unselected 
cells 50 in the unselected sector 12 shown in FIG. 9B. This is because the fixed 
unselected wordline potential (Vs/3) shown in FIG. 5E is supplied to the main-wordlinc 
MWL1 , and the fixed unselected bitline potential (Vs/3) shown in FIG. 5F is supplied to 

25 the main-bitline MBLA. 

The drive operation in the selected sector including the selected memory cell 50 
shown in FIG. 6A and the drive operation in the unselected sector are described above. 
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A period in which none of the sector regions 12 is selected is called a standby period. 

In the standby period, the state of the sector region 12 shown in FIG. 9B is 
realized in all the sector regions. Specifically, the first sub-bitline select switches 80 
and 81 and the first sub-wordline select switches 60 and 61 are turned off, and the 
5 second sub-bitline select switches 82 and 83 and the second sub-wordline select 
switches 62 and 63 are turned on in all the sector regions 12. This causes 0 V to be 
applied to all the memory cells m all the sector regions, whereby occurrence of 
disturbance can be prevented. 

During inspection, the first sub-bitline select switches 80 and 81 and the first 
10 sub-wordline select switches 60 and 61 may be turned on, and the second sub-bitline 
select switches 82 and 83 and the second sub-wordline select switches 62 and 63 may 
he turned off in the sector region 12 which is the target of inspection. This enables a 
logical value t4 0" or "1" to be written into all the memory cells at the same time during 
inspection. 

15 In the case where a defect is found in one sector region after inspection, all the 

first and second sub-wordline select switches 60 to 63 and 80 to 83 in the defective 
sector region may be turned oIT. This causes the defective sector region to be in a high 
impedance state, whereby a signal is not input and a leakage does not occur. 

The first and second sub-bitline select switches and the first and second 
20 sub-wordline select switches may be turned off during a potential change transition 
period immediately after turning the power on. This prevents an unexpected excessive 
voltage from being applied to the memory cells. 

The present invention is not limited to the above-described embodiments. 
Various modifications and variations are possible within the spirit and scope of the 
25 present invention. 

The above-described embodiment illustrates an example in which the sector 
region is simplified for convenience of illustration. A plurality of main-wordlincs and 
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a plurality of Tnain-bitlines are disposed in the actual sector region 1 2. 

FIG. 10 shows a minimum unit of the sector region. FIG. 10 shows two 
main-wordlines MWL1 and MWL2 and sub-wordlines SWL11 and SWL21 and 
sub-wordlines SWL12 and S WL22 provided for the main-wordlines MWL1 and MWL2, 
respectively. FIG. 10 also shows two main-billines MBLA and MBLB and 
sub-bitlines SBL1A and SBL2A and sub-bitlines SBL1B and SBL2B provided for the 
main-bitlines MBLA and MBLB, respectively. 
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